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HYPERBRANCHED MACROMOLECULE OF POLYESTER TYPE 

The present invention relates to a hyperbranched macromolecule of polyester type 
having a dendritic or near dendritic structure. The macromolecule comprises a 
central epoxide nucleus from which chain extenders form a branched structure cor- 
responding to at least one generation (as defined below). The macromolecule is 
furthermore, optionally terminated by means of at least one chain stopper. The 
present invention also comprises a process of preparing said macromolecule. 

Hyperbranched and dendritic macromolecules (dendrimers) can generally be 
described as three dimensional highly branched molecules having a tree-like struc- 
ture. Dendrimers are highly symmetric, while similar macromolecules designated 
as hyperbranched may to a certain degree hold an asymmetry, yet maintaining the 
highly branched tree-like structure. Dendrimers can be said to be monodisperse 
variations of hyperbranched macromolecules. Hyperbranched and dendritic macro- 
molecules normally consist of an initiator or nucleus having one or more reactive 
sites and a number of surrounding branching layers and optionally a layer of chain 
terminating molecules. The layers are usually called generations, a designation 
hereinafter used. 

The composition of hyperbranched dendritic or near dendritic macromolecules 
having three generations can be illustrated by below Formulas (I) anV(li): 



Formula (1) Formula (II) 



T T 
I | T 

B 8 x 



T — B | , B _ T T I | T 

> — X — m' C — Y — C — D<-T 

T — B | X B— T ' I -T 

y A \ J> s 

T / \ t T ^ T ^ T 

-B 

T I ;> 
T T • 

wherein 

X and Y are an initiator or nucleus having four and two reactive sites, respec- 
tively, and A, B, C and D are chain extenders having three (A and B) and four (C 
and D) reactive sites, each extender forming one generation in the macromolecule. 
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J >s a terminating chain stopper form,™ ♦•. 1 ! > ' < 

*er be monofcnctiona, or g Z [ 3 ^ ^ !" * «* ei- 

stance of hydroxy!, carboxy, or epox7d g 0 Z t r t,0na,,ty * """^ for 
be a moiety of a saturated or unsaturated ™"romolecule. T may also 

acid'or a derivative thereof. C ° mP ° Und ' SUch « « air drying fatty 

Hyperbranched macromolecules of the polyester m, • 

or near symmetrical highly branched struck i " ^ ^ SVmmet "'a! 
ters great advantages. Hyperbranched macro! T^™" X ° 0r * iMTy P 0 '^' 
Panson to branched, but also lineaT IT in «»»- 

hyperbranched macromolecu!e can due to the ! " 3 '° W P°^ dis P"sity. a 
very high molecular weight and yet exhibit . T"' formulate °- to give a 
a.b'e as component in compositions sue "7 '° W ^ ™~ 

crease the solid content. C ° atmgS and the »*e in order to in- 

kyd »" »« "'-"".el by below Formula" n£ """""" COn, P° si,i <'" <* "■> ■!• 



RjCOO 



wherein 



CH-OOCR, ~J 

| 2 1 CH 2 OOCR 1 
CH 2 _ c _ C „ 2 OOCR 2 COO — CH 2 _ I _ c „ _ 



CJ^OOCRJ 



CI^OOCRJ 



*1 is the alley! moiety of an unsaturated fattv aciH , 
A" alkyd is . high molecular and contrary to th. h 

randomly branched compound with a bid ! h „ yPerbranched macromolecules a 
simplified Formula (III). A.kyds exhibits d e , 7 ll ^ ^ M,UStratCd b * the 
and substantia, amounts of solve 11 th " Mn »«"y a very high viscosity 
viscosity that they can be utilised * added t0 obta ' n *° '°w a 

Further examples of ordinary nolvester* », 
cpal composed similar to ^ XS^TjS^-™- 

»o.«y of a saturated .nonfunctional a ,7 .„ , ?" th3t R ' « he a,k >" 

ac»d and that they contain unreacted 
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hydroxyl groups. Curing is performed. by crossiinking between the u'nreacted hy- 
droxyl groups and for instance a melamine resin. The demand for viscosity reduc- 
ing solvents is in this case also high. 

Polyesters, including alkyds, having a high molecular weight and a high degree of 
branching, which are necessary to give good performance characteristics, as well 
as havang so low a viscosity that they can be used solventless or with only a very 
small add.t.on of solvents, can be obtained if polyesters are formulated as hyper- 
branched macromolecules. It is thus obvious that macromolecules such as accord- 
ing to the present invention give great advantages from an environmental point of 



view 



Various,;dendritic macromolecules are i.a. described by Tomalia et ai in Angew 
Chem. Int. Ed. Engl. 29 pages 138-175 (1990) and in the US Patent 5,418 301 
Hult et al. 

Dendritic macromolecules different from the macromolecules of the present inven- 
tion are d.sclosed in said references. Tomalia et al discloses the preparation of 
polyam.de amines of the dendrimer type. NH, is used as initiator molecule and 
methyl acrylate and ethylene diamine as chain extenders. The yielded macromole- 
cules are NH 2 terminated. Chain stoppers are not used. 

US Patent 5,418,301 (Hult et al) discloses a dendritic macromolecule of the poly- 
ester type. The macromolecule includes as central initiator molecule or initiator 
polymer a compound having one or more reactive hydroxyl groups and as chain 
ex- 

tender a hydroxyfunctional carboxylic acid having at least one carboxyl group and 
at least two hydroxyl groups. 

The macromolecule according to the present invention enhances filmproperties 
quite different from corresponding properties obtained by above discussed hyper- 
branched macromolecules as well as different from conventional molecules of 
polyester type. Surface properties, such as drying time, hardness and scratch resis- 
tance are for instance markedly increased. 

The present invention refers to a dendritic or near dendritic hyperbranched macro- 
molecule of the polyester type, having a central monomeric or polymeric nucleus 
consisting of an epoxide compound with at least one reactive epoxide group. At 
least one generation of the macromolecule consists of a branching monomeric or 
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one monomeric or polymeric chain stopper. 

coring oT 8 ' PrK<m ,nVe " ,i0n ' " SUi,i ^ — *» the group 

*' ti y :itr.r, f • sa,ura,ed mom ^ « -< - 

■V) . glycidyl „h.r of a saturated nonfunction,, llcoho| „„„ ^ 

v) a tfycidyl „hcr of.. unsaturated m00ofunctiona , a|co „ o| ^ ^ ^ 

vi) 'Jriz c e ::i°i,or ,,ed ot unsa,ura,ed * « - ~°»" — 

vii) a glycidyl ether of a phenol „, a reaction produc, thereof 

LTo'n. T::' ' "" d ™"' io " ■-*»■ « one ph.no, and a, 

leas, one aldehyde or an oligomer of such a condensation product 
tx) a mono, di or triglycidyl substituted isocyanurate 

X) 2> IT"'- ■ U ." nttanui ™>"°«rt>oxylic acid or fatty acid o, corrc- 
spondmg tnglycende, which acid has 3-24 carbon atoms- 

oxide?" T "" Ween ' g ' yCidy ' ° f eP ° xi< " : «»« ""ing » f 

■i 20, y is an integer between 1-10 and whereby x - y >- ] 

riTZT*? b " W "" " 8 ' yCidyl °' eP0Xide °«" " h " x ep- 

oxtd. group, and an arom.t.c carboxylic acid having y carboxylic groups 
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xiii) a reaction product between a glycidyl or epoxide ester or ether having x ep- 
oxide groups and an aliphatic, cycloaliphatic or aromatic hydroxyfunctional 
saturated or unsaturated carboxylic acid having y carboxyl groups, whereby x 
is an integer between 2-20, y is an integer between 1-10 and whereby x - y 

>= l; 

xiv) an aliphatic, cycloaliphatic or aromatic epoxypolymer; and 

xv) an epoxidized polyolefine. 

Above compounds can be exemplified by glycidyl ethers such as 
l,2-epoxy-3-allyloxypropane,l-allyloxy-2,3-epoxypropane, l,2-epoxy-3-phenoxy- 
propane, l-glycidyloxy-2-ethylhexane and glycidyl esters such as the Cardura* 
compounds, which compounds are glycidyl esters of a highly branched saturated 
synthetic monocarboxylic acid called Versatic* acid (Cardura and Versatic acid are 
trademarks of Shell Chemicals). 

Glycidyl esters and ethers can be characterised by the general formulas (IV) and 
(V) for esters and ethers, respectively: 

O 
II 

R. - C - 0 - CH- - CH - CH 0 Formula (IV) 

1 2 ^ / 2 

O 



R- - CH, - O - CH 0 - CH - CH~ Formula (V) 

12 2 

0 

wherein R 1 normally is hydrogen, straight or branched alkyl, cycloalkyl, aryl or 
alkylaryl. 

Other examples of a suitable nucleus are diglycidyl ether of bisphenol A and reac- 
tion products thereof, diglycidyl terephthalate, epoxidized soybean fatty acid or 
oil, epoxidized polyvinylalcohol, epoxidized polyvinylacrylates and epoxy resins 
such as 3,4-epoxy-cyclohexyl methyl 3,4-epoxy cyclohexane carboxylate. 

A suitable polymeric nucleus is also to be found among reaction products between 
epoxide esters or ethers and carboxylic acids with different number of reactive 
sites with regard to epoxide groups and carboxyl groups, such as a reaction prod- 
uct of a diepoxide and a monocarboxylic acid, whereby a product being epoxide 
functional are yielded. 
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The hydroxyalkyl substituted hvdroxvl c rn „ • . 

tender, as used according to t lent $ " 3 anChing °' ^ Chain - 
formula 8 PreSCnt ,nventlon . preferably the general 

- (Ri - 0)„ _ H t 

1 ' n Formula (VI) 

c«es be rep.aced b /„ uiv Z' n ^ ^ ^ — J- « - certain 

or aikyjary] moieties, such as ethylphenyl! 

0 zsszz ,ri or *.,„,.,.< or unstIuraled mono . 

carboaylie acid; yar0Xyfunc "°"> 1 """«'" or unsaturated di, ,ri or poly- 

v ) a cycloaliphatic rnonohydroxvfuncrin,,! ... 

polycarboaylic acid; C ""' fi, " c "<»»l *«u,a,ed or unsaturated di, ,ri „, 

»i) an aromatic monohydroxvfunctinnal A. , ■ 

vii) an este, comnriain. ,«,„ „ i ' ° r P^carboxylic acid; and 

0 through vT g £ hyd '^ f ""«"'«' carooxyiic acid, of 

The branching chain extender is in nrPtVrr^ u 

».°-b.s(hydro,y m ethyl).vaIeric ad o a \££V n « h *J m 'y™>W)-«x<ic acid, 
-dihydtoxypropionic acid, heptonii *J ^ V"***"**-*- 

droayraaloic acid, d-gluconic acid „,„ 'a , . or '-••""■c acid, dihy- 

Mroxyl groups dir'c," P „d, " Tlt^'K'^ "'"^ « '«« '»° 
»uch as 3.5-dihydroayb.naoic ac d I a .7 '7 """"'J" «™ps) 

Robing cbain extend'., js 2^^^^ '"""^ "" 



Printed from Mimosa 07/10/2001 09:49:03 Seite -8- 



W ° 96/12754 PCT/SE95/01205 



i) an aliphatic monohydroxyfunctional saturated or unsaturated monocarboxylic 
acid; 

ii) a cycloaliphatic monohydroxyfunctiona! saturated or unsaturated monocar- 
boxylic acid; 

iii) an aromatic monohydroxyfunctional monocarboxylic acid; 

iv) an ester comprising two or more of the hydroxyfunctional carboxylic acids of 
i) through iii); 

v) a lactone; and 

vi) a linear polyester or polyether. 

The spacing chain extender is, in preferred embodiments of the present invention, 
hydroxyvaleric acid, hydroxypropionic acid, hydroxypivalic acid, glycolide, 5-va- 
lerolactope, (J-propiolactone or e-caprolactone. 

Hydroxyfunctional carboxylic acids wherein one or more hydroxyl groups are hyd- 
roxyalkyl substituted in accordance with Formula (VI) are, dependant on the num- 
ber of reactive sites, suitable as either spacing or branching chain extenders. 

Unreacted functional sites in the nucleus or in a chain extender constituting the 
last or terminal extending generation of a macromolecule according to the present 
invention, can of course to a larger or smaller extent be reacted with one or more 
monomeric or polymeric chain stoppers. Important aspects on the use and choice 
of chain stoppers are for instance the desired final properties of the prepared mac- 
romolecule and type and number of unreacted functional sites in the chain ex- 
tender. A chain stopper can also provide a suitable terminal functionality 
consisting of for instance hydroxyl, carboxyl and/or epoxide groups. 

In embodiments of the present invention, wherein the macromolecule is chain ter- 
minated, a chain stopper is advantageously selected from the group consisting of: 

i) an aliphatic or cycloaliphatic saturated or unsaturated monofunctional 
carboxylic acid or, where applicable, an anhydride thereof; 

ii) a saturated or unsaturated fatty acid; 

iii) an aromatic monofunctional carboxylic acid; 

iv) a diisocyanate, an oligomer or an adduct thereof; 

v) an epihalohydrin; 

vi) a glycidyl ester of a monofunctional carboxylic or fatty acid with 1-24 carbon 
atoms; 

vii) a glycidyl ether of a monofunctional alcohol with 1-24 carbon atoms; 
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viii) an adduct of an aliphatic or cycloaliphatic ntumtJ 

x) an epoxide of an unsaturated monocarboxylic acid *, f..,„ , -a 

din 8 trig.ycerid.. which acid has 3-24 carbon a,ol ' "* °' """^ 

°' CyCl0 " ipl,a,iC » ".--function,, 

xii) an aromatic monofunctional alcohol 

x.*) an adduc, of .„ aromatic mono, di. ,ri or polyfunction* aicohol. 



Diisocyanates can be exemplified bv toluene ■> a a;-.^ 

cyanare. dipheny,™,,,,.., Loc^^^T^ <°«"":™-««°- 
dii.ocyanate, M-diisocyanato-dieycionex yZl a J , 5 d " S ° C) ' a,,a " ! ' "•a*-" 

Adduce of carboxylie acids and aicohols can. furthermore, be used as chain stoo 
pers. Such chain stoppers are for ins.ance adducts with hydroxye v , l,e an d 
droxypropy acrylate. trimethyioipropane diacryiate. pentaer , i 0 di c y, ate 

~oT';„:;r ryla,e ' : cryia,es of " ko ^ 

taerythntol. Further examples are adducts with hydroxysubstituted allvl «L. 
such as trimethylolpropane diallyl ether maleate. * "* 
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Epihalohydrins such as l-chloro-2,3-epoxypropane and l,4-dichloro-2,3-epoxy bu- 
tane, is a further group of suitable chain stoppers, yielding epoxide functional hy- 
perbranched macromolecules. Epoxide functional macromolecules can, also, be 
prepared through epoxidation of unsaturation within the macromolecules. 

Monofunctional alcohols are most suitably aliphatic or cycloaliphatic and can be 
exemplified by 5-methyM,3-dioxane-5-methanol, 5-ethyl-l,3-dioxane-5-methanol, 
trimethylolpropane diallyl ether and pentaerythritol triallyl ether. 

Glycidyl esters of monofunctional carboxylic or fatty acids can be used as chain 
stoppers, such compounds include the well-known Cardura* esters (Shell Chemi- 
cals). Glycidyl ethers of monofunctional alcohols are suitably exemplified by 
l,2-epoxy-3-allyloxypropane, l-allyloxy-2,3-epoxypropane, 1 ,2-epoxy-3-phenoxy- 
propane and l-gIycidyloxy-2-ethylhexane. It is also possible to use adducts of 
such compounds as glycidyl ethers of bisphenol A and oligomers thereof. 

A hyperbranched macromolecule according to the present invention can in certain 
embodiments comprise at least one generation consisting of at least one compound 
of the same type as the nucleus. Such a generation is always preceded by a 
generation consisting of at least one branching or spacing chain extender and is 
optionally further extended or terminated by addition of at least one generation of 
at least one branching or spacing chain extender or of at least one chain stopper. 
An embodiment such as this implies a great flexibility in the formulation of the hy- 
perbranched macromolecule according to the present invention. Macromolecules 
tailor-made for various application areas or specific uses can through the choice of 
chain extender easily be formulated. A macromolecule wherein the first generation 
consists of a branching chain extender, the second of a spacing chain extender, the 
third of a molecule of the nucleus type etc. and other macromolecules having such 
a variety in their structure are possible to formulate. 

Suitable number of branching, spacing and/or terminating generations, i.e. genera- 
tions consisting of branching chain extenders, spacing chain extenders or terminat- 
ing chain stoppers, added to the monomeric or polymeric nucleus is within the 
range of 1-100, preferably 1-20, whereby at least one generation is a branching 
generation. 

Allyl functional hyperbranched macromolecules are further embodiments of the 
present invention. The allyl functionality is in such embodiments obtained through 
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The present invention also comorises a n™™** 

prepar,ng a yperbranched 

a) reacting a branching chain extender with further molecules of the same chain 
ex ten der and/or with further mo.ecu.es of at .east one other ^ 
extender, wh.ch cha.n extender mo.ecu.es have three reactive sites at a tern 
perature of 0-300°C, preferably 50-25OT »«a ■ 

mflr , t . . .' P eieraD| y 30 - 250 C, and in an amount corresponding to 

more than one chain extending generation, whereby a chain extending pre- 
polymer havmg more than three reactive sites is yie.ded and 

b) /react.on between at least one prepo.ymer according to' step (a) and a mono- 
m k or polymeric nuc.eu, having at .east one reactive epoxide group. 
act.on be.ng earned out at a temperature of 0-300°C. preferably 50-250'C 

ext e en e d L a —molecule having mo're than" one cha* 

extend.ng generat.on <s obtained; which macromolecule 

moleli ,k b / / dd,t ' 0n 0f furthcr "ranching or spacing chain extender 

re es t T \ T "»■' nUmber ° f ^ « to 

requested number of generations; and/or 

o O f P 0°300 y c " ° r "°:r ,ePS ' 15 Chai " ,Crminated at a -action temperature 

12TJ i. ' " 25 °° C ' ^ additi0 " of « least ° ne —-ric or 

polymenc cha.n stopper forming a terminal generation. 

The process can alternatively include the steps of 
e) reaction between a monomeric or po.ymeric nuc.eus having at least one reac- 

xtendTh ■ 8r ° UP , an<1 a V ,eaSt m ° n0n,eric ° r P °'^ eric branchi "* *™ 
extender havmg at least three reactive sites to form a first or part of a f.rst 

generate of a hyperbranched macromo.ecu.e, the reaction being performe 
at emperature of 0-300-C, preferably 50-250'C; after which reaction the 
first generation 

0 optionally is further extended, at a reaction temperature of 0-300'C 
preferably 50-250'C. by addition of further branching or spacing cha.n ex-* 
tender molecules, the addition being performed in a number of steps at leas, 
equal to requested number of generations; and/or 

8) Tn 0 ^o; in ° f m ° re StCpS ' h Ch3in terminated at a r «ction temperature 
of 0-300'C preferably 50-2SO'C, by addition of at .east one monomeric or 
polymenc chain stopper forming a terminal generation. 



c) 



d) 
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Furthermore, at least a part of one generation can involve a chain extension by 
means of addition of at least one compound of the same type as a nucleus. The 
generation including such a compound is preceded, according to step (b) or (e) by 
at least one generation consisting of at least one chain extender and can optionally 
be further extended or terminated by a generation consisting of at least one 
branching or spacing chain extender or of at least one chain stopper. 

It is advisable to continuously remove water formed during one or more steps of 
the process according to the present invention. Suitable methods are for instance 
inlet of inert gas into the reaction vessel, vacuum distillation, azeotropic distilla- 
tion and/or the like. 

The reactions can be carried out without using any catalyst. A catalyst is, how- 
ever, preferred and used in many cases and is then suitably selected from the 
group consisting of: 

i) a Bransted acid; 

ii) a Lewis acid; 

iii) a titanate; 

iv) metallic zinc or an organic or inorganic zinc compound; 

v) metallic tin or an organic or inorganic tin compound; 

vi) metallic lithium or an organic or inorganic lithium compound; and 

vii) triphenylphosphine or a derivative thereof. 

The catalyst is in preferred embodiments selected from the group consisting of the 
following Bransted acids naphthalene sulphonic acid, p-toluene sulphonic acid, 
methane sulphonic acid, trifluoromethane sulphonic acid, trifluoroacetic acid, sul- 
phuric acid or phosphoric acid or of the following Lewis acids BF 3 , A1C1 3 or 
SnCl 4 . Suitable catalysts are also tetrabutyl titanate, triphenylphosphine and lith- 
ium anhydride benzoate. A catalyst can be used as sole catalyst or in combinations 
including two or more catalysts. 

The macromolecule according to the present invention can be used in many areas 
including in the preparation of products constituting or being part of alkyds, alkyd 
emulsions, saturated polyesters, unsaturated polyesters, epoxy resins, phenolic 
resins, polyurethane resins, polyurethane foams and elastomers, binders for radia- 
tion curing systems such as systems cured with ultraviolet (UV) and infrared (IR) 
light or electron-beams (EB), dental materials, adhesives, synthetic lubricants, 
microlithographic coatings and resists, binders for powder systems, amino resins, 
composites reinforced with glass, aramid or carbon/graphite fibres and moulding 
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or 



«o"^r^r/c; d r,r * dv,m,8es wm te m °- fui * — ■ 

1-13 wh,r e i„: !, " e ' e ' VM «">)"°«ion wi.h Ex.n,ples 



Example 1: 

Example 2: 

/ 

,/ 

Example 3: 

Example 4: 

Example 5: 

Example 6: 

Example 7: 
Example 8: 
Example 9: 

Example 10: 

Example 11: 

Example 12: 

Example 13: 



Preparation of a three generations hyperbranched macromolecule of 
^polyester type, having . bisphcnol A . diglyc5dyJcthcr JjJ 
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While particular embodiments of the invention will «h« 
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Example 1 

600.0 g (4.47 moles) of 2,2-dimethylolpropionic acid, 60.0 g of triethylene glycol 
dimethyl ether , and 0.6 g (0.006 mole) of sulfuric acid (96% by weight) were 
charged in a 4-necked reaction flask equipped with stirrer, pressure gauge, cooler 
and receiver. The temperature was raised from room temperature to 140°C in 35 
minutes, during which time all 2,2-dimethylolpropionic acid melted, thus giving a 
clear solution. A vacuum of 30-50 mm Hg was applied and the reaction was, under 
stirring, allowed to continue for 65 minutes until an acid value of 64.6 mg KOH/g 
was reached. 0.5 g (0.012 mole) of sodium hydoxide, 119.5 g (* 0.32 mole) of 
Epikote" 880 (a bisphenol A-diglycidyl ether based epoxide compound, Shell 
Chemicals, TJie Netherlands) and 0.7 g of lithium anhydride benzoate were now 
added to the reaction mixture. The temperature was raised to 150°C, giving a 
clear solution and a strong exothermic reaction. When the exotherm declined, a 
vacuum of 200 mm Hg was applied and the reaction was allowed to continue for 
65 minutes until an acid value of 8 6 mg KOH/g was reached. The temperature 
was thereafter raised to 170°C and the pressure was further reduced to 50 mm Hg 
and the reaction was allowed to continue for an additional 30 minutes giving a fi- 
nal acid value of 6.8 mg KOH/g. 

Obtained hyperbranched macromolecule of polyester type exhibited the following 
properties: 

Acid value, mg KOH/g: 6.8 

Hydroxyl value, mg KOH/g: 490 (theor. value: 505) 

Molecular weight, g/mole: 2700 (theor. value: 2000) 

Example 2 

600.0 g (4.47 moles) of 2,2-dimethylolpropionic acid, 0.6 g (0.006 mole) of sulfu- 
ric acid (96% by weight) and 60.0 g of water were charged in a 4-necked reaction 
flask equipped with stirrer, pressure gauge, cooler and receiver. The temperature 
was raised from room temperature to 140°C in 50 minutes, during which time all 
2,2-dimethylolpropionic acid melted, thus giving a clear solution. A vacuum of 
30-50 mm Hg was applied and the reaction was, under stirring, allowed to con- 
tinue for 115 minutes until an acid value of 33.8 mg KOH/g was reached. 1.1 g 
(0.012 mole) of sodium hydroxide (46% aq.), 58.0 g (* 0.16 mole) of Epikote* 
880 (a bisphenol A-diglycidyl ether based epoxide compound, Shell Chemicals, 
The Netherlands) and 0.7 g of lithium anhydride benzoate were now added to the 
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reaction mixture. The temperature was raised to 155<C aivin* . '. 
a strong exothermic reaction When th* „ .u 8 8 dear solu «'on and 

m was applied and the reacts l^Z^f ' " ^ " 

utes until an acid value of 9.3 mg KOH/g wa S reached " additi ° nal 6 ° min ' 

Obtainedhyperbranchedmacromolecule of polyester tvn. u-u- ■ 
properties. Poster type exhibited the following 

Acid value, mg KOH/g: 9 3 

Hydroxyl value, mg KOH/g: A0C , L 

Molecular weight, g/mole: ^o, , ^ 495) 

J/97(theor. value: 3857) 




^°^^Cir?r^ macro, " o ' Ku " ° f ^ - ■ . 

A.°che m , The Netherlands) ,„d 30 1 JilT l°° < T >*"<' ">°°- 

■ion fl.sk „ uippe<l „;,„ «„. ' n f ° f / yle " e Were ° b "S«> » « *->ecked r«c- 

U „, er sti 4, ,„:;;; ;r„, „ 5 u ;r;,r ied ,o 2,o ° c - *• ««*» 

thereafter raised to 220'C >.H k! m """ eS The '""perature was 

was raised ,o 2 0-c The reacio COnS,an, *" ' 2 ° ™ m " ""' «■** *- « 
»m ^.jv ine reaction was now alln™«,j ♦ 

minutes until an acid value of 11 3 m« KOH/e C ° n,,nUe f °' ' fUrthCr 225 

thereafter dec- 8 ° H/g W3S reached - The temperature was 

Obtained hyperbranched a.kyd exhibited the following properties. 



Final acid value, mg KOH/g: 
Hydroxyl value, mg KOH/g: 
Theoretical molecular weight, g/mole 
Viscosity at 23 B C, mPas: 
Nonvolatile content, %; 



12.4 

8.3 

5800 

3640 

99.6 



Eiampje a 



A .o=he m . The N e,her,a„d s) ^JT^^S^Z 
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reaction flask equipped with stirrer, nitrogen inlet, cooler and water trap (Dean- 
Stark). The temperature was during 50 minutes raised to 220°C and the reaction 
was, under stirring, allowed to continue for 230 minutes after which additional 0.4 
g of Fascat* 4100 was added. The reaction was thereafter allowed to continue for 
a further 120 minutes and thereafter raised to 230°C. The reaction was now al- 
lowed to continue for an additional 120 minutes until an acid value of 9.2 mg 
KOH/g was reached. The temperature was then decreased to 200°C and full vac- 
uum was applied to remove residual xylene. 

Obtained hyperbranched alkyd exhibited the following properties: 



Final acid vajue, mg KOH/g: 9.2 

Hydroxy! value, mg KOH/g: 7.9 

Theoretical molecular weight, g/mole: 1 1971 

Viscosity at 23°C, mPas: 5600 

Nonvolatile content, %: 100.0 



Example S - Comparative Example 

71.8 g of tall oil fatty acid, 17.5 g of o-phthalic anhydride, 17.0 g of pentaerythri- 
tol and 4% by weight of xylene were charged in a 4-necked reaction flask 
equipped with stirrer, nitfogen inlet, cooler and water tfap (Dean-Stark). The 
temperature was raised to 160°C and kept at this temperature for 10 minutes, after 
which time the temperature was raised by 0.5°C/minute until 240°C was reached. 
An acid value of 9.0 mg KOH/g was obtained after 10 hours of esterification. The 
temperature was then reduced to 200°C and full vacuum was applied to remove re- 
sidual xylene. 

Obtained conventional high solid alkyd exhibited the following properties: 



Final acid value, mg KOH/g: 9.0 

Hydroxyl value, mg KOH/g: 15 

Theoretical molecular weight, g/mole: 4200 

Viscosity at 23°C, mPas: 7050 

Nonvolatile content, %: 100.0 
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Example 6 >.>,.' 

m£?J*??*Z ' ,yperbr,n<:hed of Example ,, „., , 

pryl c ac d, 0.15 g of hydro, ul „o»« (10% by weigh, i„ „„.„„,) .„„ „ 5 „ f 
..'17 '"•*"<*"«<' 4I °»- The N«,h«..,d. were ch.r,° „ 

trap Dean-Stark) The temperature was during SO minutes raised l„ 170-C The 
reacfton was .Howed ,o continue for ,20 minu.es, after which le "« 

reached after a further 260 minutes at 2 1 0°C. 

/ 

Example 7 



4 and 5: 



The following driers were mixed with products according to Examples 3, 

Zirconium octoate: 0.25% 
Cobalt octoate: 0.03% 

.he 0 p7od P uT' a8eS Ca ' CUU,ed " ,0 ° % ~» " ™« of 

An amiski. ag?m (Exkin . 2 Se „ 0 B y Net|)er|i furIherraore 

added in an amount of 0.30%. ore ' 

filmtntl 8 PrC T<^ I 1 " 11 " 6 " ffee ° f S ° ,VemS and Coated on glass panels at a 
filmthickness of 50 ± 5 pm (dry). 

Finger (thumb) Touch Method, pendulum hardness according to Konig after 7 
days of drymg and pencil hardness (scratch resistance) after 7 days of drying All 
evaluates were carried at 23 * 2°C and 50 ± 5% relative humidity. 

Test Mgtty nHQ 

Finger Touch Method - U.S. Federal Test Method Standard 141. Method 4061 
Pendulum hardness - SS 184286 (identical to ISO 1522-1973) 
Pencil Hardness - ASTM 3363-74 (1989) 
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The result is given below. 



Example no. 



3 



4 



5 



Drying time to through dry, hours: 
Hardness after 7 days, K6nig seconds: 
Pencil hardness after 7 days: 



8-9 
17 

H-2H 



8-9 
17 

H-2H 



26 
15 
4B 



As can be seem from above result, hyperbranched alkyds exhibit substantially 
faster through dry and a substantially improved pencil hardness (scratch resis- 
tance) compared to conventional alkyds. Both types of alkyds can be regarded as 
so called high, solids. 

Example 8 

An ultraviolet (UV) curing lacquer, based on the unsaturated polyester according 
to Example 6, having the following formulation was prepared: 

Unsaturated polyester acc. to Example 6 50.0 g 

Tripropylene glycol diacrylate 25.0 g 

Trimethylolpropane triethoxylate triacrylate 25.0 g 

Photoinitiator (Darocur 1173, Firma E.Merck, Germany) 4.0 g 

The viscosity of obtained lacquer was 610 mPas at 25°C. 

The lacquer was coated on glass panels at a filmthickness of 30 ± 5 fim (dry) and 
was UV cured immediately after application. UV curing was performed using a 
Labcure* Unit LC 9 from Wallace Knight, UK, having a belt speed of 20 m/min 
and an irradiation source consisting of medium pressure quartz mercury lamps of 
80 Watts/cm. 

Hardness was measured at 23 ± 2°C and 50 ± 5% relative humidity as pendulum 
hardness according to Konig. 

Test Method: Pendulum hardness - SS 184286 (identical to ISO 1522-1973). 
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The result is given below. 
Number of passages under UV lamp 

1 passage ~ ~ . " 

2 25 Konig seconds 
passages 25 K ~ ni seconc j s 

4 passages . 

0 28 Konig seconds 

8 passages A . . .. 

yr 45 koning secons 

16 passages _ 

63 Konig seconds 

E »"i P !e » 

t / 

1000.0 g (7.46 moles) of 2,2-dimethylolpropionic acid, 100.0 g of water and 1 0 « 
(0.01 mole) of sulfuric acid (96% by weight) were charged in a 4-necked reaction 
flask equipped with stirrer, pressure gauge, cooler and receiver. The temperature 
was rai sed from room temperature to 140»C in 90 minutes, during which time all 
2 .2-d.methylolpropionic acid melted, thus giving a clear solution. A vacuum of 
30-50 mm Hg was applied and the reaction was, under stirring, allowed to con- 

™T I *a m r t " 1 UDtil a " 3Cid Va,Ue 0f 74 m 8 K0H '8 w M reached. 2.0 g of 
SwtTr^r ,\ ° °- 36 m ° IC) of tri 8'ycidyl isocyanurate (Ciba-Geigy. 
Swnzerland) and 1.1 g of hthium benzoate were now added to the reaction m* 
ture. The temperature was raised to 150°C, giving a clear solution and a strong 
exotherm.c reaction. When the exotherm declined, a vacuum of 200 mm Hg was 
apphed and the reaction was allowed to continue for 105 minutes until an acid 
value of 9.4 mg KOH/g was reached 

Obtained hyperbranched macromolecule of polyester type exhibited the following 
properties: ° 

Acid value, mg KOH/g: 9 4 

Hydroxyl value, mg KOH/g: 432 
Average molecular weight, g/mole: 3023 (theor. value 2800) 

Example 10 

1000.0 g (7.46 moles) of 2,2-dimethylolpropionic acid. 20.0 g of water and 1 0 g 
(0.01 mole) of sulfuric acid (96% by weight) were charged in a 4-necked reaction 
flask equipped with stirrer, pressure gauge, cooler and receiver. The temperature 
was raised from room temperature to 140°C in 90 minutes, during which time all 
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2,2-dimethyloIpropionic acid melted, thus giving a clear, solution. , A vacuum of 
30-50 mm Hg was applied and the reaction was, under stirring, allowed to con- 
tinue for 140 minutes until an acid value of 30 mg KOH/g was reached. 2.0 g of 
sodium hydoxide, 52.0 g (« 0.17 mole) of triglycidyl isocyanurate (Ciba-Geigy, 
Switzerland) and 1.0 g of lithium benzoate were now added to the reaction mix- 
ture. The temperature was raised to 150°C, giving a clear solution and a sligthly 
exothermic reaction. When the exotherm declined, a vacuum of 200 mm Hg was 
applied and the reaction was allowed to continue for 105 minutes until an acid 
value of 2.9 mg KOH/g was reached. 

Obtained hyperbranched macromolecule of polyester type exhibited the following 
properties: 

} 

>/ 

Acid value, mg KOH/g: 2.9 

Hydroxyl value, mg KOH/g: 504 (theor. value: 505) 

Average molecular weight, g/mole: 6200 (theor. value 5600) 

Example 11 

48.4 g of the polyester type hyperbranched macromolecule of Example 1, 435.9 g 
(1.54 moles) of oleic acid, 0.5 g of p-toluene sulphonic acid and 68 g of xylene 
_ were charged in a 4-necked reaction flask equipped with stirrer, nitrogen inlet, - 
cooler and water trap (Dean-Stark). The temperature was during 55 minutes raised 
to 180°C and the reaction was, under stirring, allowed to continue for 60 minutes. 
The temperature was thereafter raised to 200°C and kept constant for 480 until an 
acid value of 10.3 mg KOH/g was reached. The temperature was thereafter 
decreased to 200°C and full vacuum was applied to remove residual xylene. 

Obtained hyperbranched alkyd exhibited the following properties: 



Final acid value, mg KOH/g: 10.3 

Hydroxyl value, mg KOH/g: 124 

Theoretical molecular weight, g/mole: 5200 

Viscosity at 23°C, mPas: 12400 

Nonvolatile content, %: 99.6 
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Example 12 • , . 

256.0 g of the polyester type hyperbranched macromolecule of Example 10 
594.9 g (2.09 moles) of tall oil fatty acid, 0.2 g of an esterification catalysi 
(Fascat 4100, Atochem, The Netherlands) and 55 g of xylene were charged in a 
4-necked reaction flask equipped with stirrer, nitrogen inlet, cooler and water trap 
(Dean-Stark). The temperature was during 70 minutes raised to 200°C and the re- 
action was, under stirring, allowed to continue for 12 hours until an acid value of 
10 mg KOH/g was reached. The temperature was then decreased to 200°C and full 
vacuum was applied to remove residual xylene. 

Obtained hyperbranched alkyd exhibited the following properties: 

Final acid value, mg KOH/g. 9 9 

Hydroxyl value, mg KOH/g: 15 

Theoretical molecular weight, g/mole: 17700 

Viscosity at 23°C, mPas: 10700 

Nonvolatile content, %: 99 8 

Example 13 

26.36 g of m-chloroperbenroic acid and 750 ml of dichloromethane were at room 
temperature charged in a 3-necked reaction flask equipped with stirrer, nitrogen 
inlet and cooler. Obtained solution was cooled to 0 8 C and 38.86 g of the product 
according to Example 1 1 dissolved in 250 ml of dichloromethane were now during 
60 minutes instilled. Resulting reaction mixture was at 0° stirred during 120 min- 
utes followed by precipitation of excess m-chloroperbenzoic acid. The reaction 
mixture was now allowed to react at room temperature for a further 18 hours. Re- 
sulting product was thereafter purified by extraction using 3 x 250 ml of 0 1 M 
aqueous Na 3 S 2 0, followed by 3 x 250 ml of saturated aqueous NaHCO,. The mix- 
ture was allowed to phase separate and the organic layer was removed. The final 
product was thereafter recovered by removal of solvent under full vacuum at 50°C 
using a rotary evaporator. 

Obtained product exhibited the following properties: 

Epoxy equivalent weight (EEW-value), g/equivalent: 445 (theor. value 441) 
Viscosity, 23°C, mPas: 12 00O 
Nonvolatile content, %: 100 0 
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CLAIMS 

1. A hyperbranchcd macromolecule of polyester type comprising a central nu- 
cleus and at least one generation of a branching chain extender, which macro- 
molecule optionally is terminated by at least one chain stopper 
characterised in 

that the hyperbranched macromolecule comprises 

a) a monomeric or polymeric nucleus consisting of 

i) an epoxide compound having at least one reactive epoxide group or 

ii) a reaction product of an epoxide compound, which reaction product 
has at least one reactive epoxide group 

and , / 

b) at least one generation consisting of a branching monomeric or polymeric 
chain extender having at least three reactive sites, of which reactive sites 

i) at least one is a hydroxyl group or a hydroxyalkyl substituted 
hydroxyl group and at least one is a carboxyl group or 

ii) at least one is a hydroxyl group or a hydroxyalkyl substituted 
hydroxyl group and at least one is a terminal epoxide group 

and optionally 

c) at least one generation consisting of a spacing monomeric or polymeric 
chain extender having, two reactive sites being one hydroxyl group or 
hydroxyalkyl substituted hydroxyl group and one carboxyl group or termi- 
nal epoxide group. 

2. A hyperbranched macromolecule according to claim 1 
characterised in 

that the nucleus is selected from the group consisting of 

i) a glycidyl ester of a saturated monofunctional carboxylic or fatty acid 
with 1-24 carbon atoms; 

ii) a glycidyl ester of an unsaturated monofunctional carboxylic or fatty 
acid with 3-24 carbon atoms; 

iii) a glycidyl ester of a saturated or unsaturated di, tri or polyfunctional 
carboxylic acid with 3-24 carbon atoms; 

iv) a glycidyl ether of a saturated monofunctional alcohol with 1-24 carbon 
atoms; 

v) a glycidyl ether of an unsaturated monofunctional alcohol with 2-24 car- 
bon atoms; 
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vi) a glycidyl I ether of a saturated or unsaturated di. tn or polyfunctional al- 
cohol with 3-24 carbon atoms; 

vii) a glycidyl ether of a phenol or a reaction product thereof 

vm) a glycidyl ether of a condensation product between at leas, one phenol 
and at least one aldehyde or an oligomer of such a condensation 
product; 

«x) a mono, di or triglycidyl substituted isocyanurate; 

x) an epoxide of an unsaturated monocarboxylic 'acid or fatty acid or 

corresponding triglyceride, which acid has 3-24 carbon atoms 
x.) a reaction product between a glycidyl or epoxide ester or ether having x 
epox.de groups and a saturated or unsaturated aliphatic or cycloaliphatic 
j carboxyl.c ac.d having y carboxylic groups, whereby x is an integer 
, between 2-20, y , s an integer between 1-10 and whereby x - y >= 1 
».) a reaction product between a glycidyl or epoxide ester or ether having x 
epox,de groups and an aromatic carboxylic acid having y carboxylic 
groups whereby x is an integer between 2-20, y is an integer between 
1-10 and whereby x - y >= l; 

xiii) a reaction product between a glycidyl or epoxide ester or e.her having x 
epox.de groups and an aliphatic, cycloaliphatic or aromatic hydroxy- 
funct.onal saturated or unsaturated carboxylic acid having y carboxyl 
groups whereby x is an integer between 2-20, y is an integer between 
1-10 and whereby x - y >= ]; 

xiv) an aliphatic, cycloaliphatic or aromatic epoxypolymer; and 

xv) an epoxidized polyolefine. 



A hyperbranched macromolecule according to claim 1 or 2 
characterised in 

that the nucleus is l,2.e P oxy-3-aIlyloxypro P ane, l-allyloxy-2,3-epoxypro- 
pane l,2-e P oxy-3- P henoxypropane. l-glycidyloxy-2-ethylhexane, bisphenol 
A-d.glyc.dyl ether or a reaction product thereof, diglycidyl tereph.halate, ep- 
ox.d.zed soybean fatty acid, epoxidized soybean oil, epoxidized polyvinyl al- 
cohol or 3,4-epoxy-cyclohexyl methyl-3,4-epoxy cyclohexane carboxylate. 

A hyperbranched macromolecule according to claim 1 
characterised in 

that the hydroxyalkyl substituted hydroxyl groups in the branching or spacing 
chain extender has the general formula 
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1 (Rj . 0 ) a - H < 

wherein is ethyl, propyl, butyl or mixtures thereof and wherein n is an in- 
teger between 1 and 100, preferably between 1 and 30. 

5. A hyperbranched macromolecule according to claim 1 or 4 
characterised in 

that the branching chain extender is selected from the group consisting of: 

i) an aliphatic di, tri or polyhydroxyfunctional saturated or unsaturated 
monocarboxylic acid; 

ii) a cycloaliphatic di, tri or polyhydroxyfunctional saturated or unsaturated 
monocarboxylic acid; 

iii) an aromatic di, tri or polyhydroxyfunctional monocarboxylic acid; 

iv) an aliphatic monohydroxyfunctional saturated or unsaturated di, tri or 
polycarboxylic acid; 

v) a cycloaliphatic monohydroxyfunctional saturated or unsaturated di, tri 
or polycarboxylic acid; 

vi) an aromatic monohydroxyfunctional di, tri or polycarboxylic acid; and 

vii) an ester comprising two or more of the hydroxyfunctional carboxylic 
acids of i) through vi). 



6. A hyperbranched macromolecule according to claim 1, 4 or 5 
characterised in 

that the branching chain extender is 2,2-dimethylolpropionic acid, a,a-bis- 
(hydroxymethyl)-butyric acid, a,a,ct-tris(hydroxymethyl)-acetic acid, a,a-bis- 
(hydroxymethyl)-valeric acid, a,a-bis(hydroxy)-propionic acid, 3,5-dihyd- 
roxybenzoic acid, a,P-dihydroxypropionic acid, heptonic acid, citric acid, d- 
or l-tartaric acid, dihydroxymaloic acid or d-gluconic acid. 

7. A hyperbranched macromolecule according claim 1 
characterised in 

that the hyperbranched macromolecule comprises at least one generation con- 
sisting of at least one spacing monomeric or polymeric chain extender being 
selected from the group consisting of: 

i) an aliphatic monohydroxyfunctional saturated or unsaturated monocar- 
boxylic acid, 
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ii) a cycloaliphatic monohydroxyfunctional saturated or unsaturated mono- 
carboxylic acid; 

iii) an aromatic monohydroxyfunctional monocarboxylic acid; 

iv) , an ester formed by means of two or more hydroxyfunctional carboxylic 

acids selected from sections i) through iii); 

v) a lactone; and 

vi) a linear polyester or polyether. 

A hyperbranched macromolecule according to claim 7 
characterised in 

that the spacing chain extender is hydroxyvaleric acid, hydroxypropionic acid 
; t«one yP,VaIiC add ' 8lyCOHde • 5 - valerola «one, 0-propiolactone or e-capro- 



9. A hyperbranched macromolecule according to any of the claims 1 - 8 
characterisedin 

that the hyperbranched macromolecule is terminated with at least one mono- 
meric or polymeric chain stopper being selected from the group consisting of: 

0 an aliphatic or cycloaliphatic saturated or unsaturated monofunctional 
carboxylic acid or, where applicable, an anhydride thereof; 

ii) a saturated or unsaturated fatty acid; 

iii) an aromatic monofunctional carboxylic acid; 

iv) a diisocyanate, an oligomer or an adduct thereof; 

v) an epihalohydrin; 

vi) a glycidyl ester of a monofunctional carboxylic or fatty acid with 1-24 
carbon atoms; 

vii) a glycidyl ether of a monofunctional alcohol with 1-24 carbon atoms; 

viii) an adduct of an aliphatic or cycloaliphatic saturated or unsaturated 
mono, di, tri or polyfunctional carboxylic acid or, where applicable, an 
anhydride thereof; 

ix) an adduct of an aromatic mono, di, tri or polyfunctional carboxylic acid 
or, where applicable, an anhydride thereof; 

x) an epoxide of an unsaturated monocarboxylic acid or fatty acid or corre- 
sponding triglyceride, which acid has 3-24 carbon atoms; 

xi) an aliphatic or cycloaliphatic saturated or unsaturated monofunctional 
alcohol; 

xii) an aromatic monofunctional alcohol; 
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xiii) an adduct of an aliphatic or cycloaliphatic saturated or unsaturated 
mono, di, tri or polyfunctional alcohol; and 

xiv) an adduct of an aromatic mono, di, tri or polyfunctional alcohol. 

10. A hypcrbranched macromolecule according to claim 9 
characterised in 

that the chain stopper is lauric acid, linseed fatty acid, soybean fatty acid, tali 
oil fatty acid, dehydrated castor fatty acid, crotonic acid, capric acid, capryiic 
acid, acrylic acid, methacrylic acid, benzoic acid, para-tert.butylbenzoic acid, 
abietic acid, sorbinic acid, l-chloro-2,3-epoxypropane, l,4-dichloro-2,3- 
epoxybutane, epoxidized soybean fatty acid, trimethylolpropane diallyl ether 
maleate,/ 5-methyl-l,3-dioxane-5-methanol, 5-ethyI-l,3-dioxane-5-methanol, 
trimethylolpropane diallyl ether, pentaerythritol triallyl ether, pentaerythritol 
triacrylate, pentaerythritol triethoxylate triacrylate, toluene-2,4-diisocyanate, 
toluene-2,6-diisocyanate, hexamethylene diisocyanate or isophorone diiso- 
cyanate. 

11. A hyperbranched macromolecule according to any of the claims 1-10 
characterised in 

that at least one generation includes at least one compound equal to a nu- 
cleus, the generation being preceded by a generation consisting of at least one 
branching or spacing chain extender and optionally being further extended or 
terminated by a generation consisting of at least one branching or spacing 
chain extender or of at least one chain stopper. 

12. A hyperbranched macromolecule according to any of the claims 1-11 
characterised in 

that the macromolecule holds 1-100, preferably 1-20, branching, spacing 
and/or terminating generations, whereby at least one generation is a branching 
generation. 

13. A hyperbranched macromolecule according to any of the claims 1-12 
characterised in 

that the macromolecule is epoxide functional and that the epoxide functional- 
ity is obtained through epoxidation of unsaturation within the macromolecule. 
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14. A hyperbranched macromolecule according to.any of the claims 1-13 
characterised in 

that the macromolecule is allyl functional and that the allylfunctionality is ob- 
tained through allylation by means of an allylhalide. 



15. A hyperbranched macromolecule according to claim 14 
characterised in 

that the allylhalide is allylchloride and/or allylbromide. 

16. A hyperbranched macromolecule according to any of the claims 1-15 
characterised in 

/that the hyperbranched macromolecule constitutes or participates in prepara- 

tion of *■ r r 

i) an allcyd, an alkyd emulsion, a saturated polyester or an unsaturated 
polyester; 

ii) an epoxy resin; 
Hi) a phenolic resin; 

iv) an amino resin; 

v) a polyurethane resin, foam or elastomer; 

vi) a binder for radiation curing systems; 

vii) a binder for powder coating systems; 

viii) an adhesive: 

ix) a synthetic lubricant; 

x) a microlithographic coating or resist; 

xi) a composite reinforced with glass, aramid or carbon/graphite fibres 

x«.) a moulding compound based on urea-formaldehyde resins, melamine- 

formaldehyde resins or phenol-formaldehyde resins; and/or 

xiii) a dental material. 

17. A process in two or more steps of preparing a hyperbranched macromolecule 
according to any of the claims 1-16 
characterised in 
that the process includes the steps of 

a) reacting a branching chain extender with further molecules of the same 
chain extender and/or with further molecules of at least one other 
branching chain extender, which chain extender molecules have three 
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reactive sites, at a temperature of 0-300°C, preferably 50 r 250°,C, and in 
an amount corresponding to more than one chain extending generation, 
whereby a chain extending pre-polymer having more than three reactive 
sites is yielded; and 

b) reaction between at least one prepolymer according to step (a) and a 
monomeric or polymeric nucleus having at least one reactive epoxide 
group, the reaction being carried out at a temperature of 0-300°C, 
preferably 50-250°C, whereby a hyperbranched macromolecule having 
more than one chain extending generation is obtained; which 
macromolecule 

c) optionally is further extended, at a reaction temperature of 0-300°C, 
preferably 50-250°C, by addition of further branching or spacing chain 
extender molecules, the addition being performed in a number of steps 
at least equal to requested number of generations; and/or 

d) optionally, in one or more steps, is chain terminated at a reaction tem- 
perature of 0-300°C, preferably 50-250°C, by addition of at least one 
monomeric or polymeric chain stopper forming a terminal generation. 

18. A process according to claim 17 
characterised in 

that at least one chain extending generation formed according to step (c) at 
least partly includes an additionof at least one chain extending compound be- 
ing equal to a nucleus, which generation optionally is further extended or ter- 
minated by at least one generation consisting of at least one chain extender or 
of at least one chain stopper. 

19. A process according to claim 17 or 18 
characterised in 

that reaction water formed during one or more steps of the process is re- 
moved by inlet of an inert gas, azeotropic distillation, vacuum distillation or 
the like. 

20. A process according to claim 19 
characterised in 

that the reaction water is removed continuously. 
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21. A process according to any of the claims 17-20 
characterised in 

that at least one catalyst is present during at least one step of the process. 

22. A process according to claim 21 
characterised in 

that the catalyst is selected from the group consisting of: 

i) a Bransted acid; 

ii) a Lewis acid; 

iii) a titanate; 

iv) metallic zinc or an organic or inorganic zinc compound 
nr) metallic tin or an organic or inorganic tin compound 

vi) metallic lithium or an organic or inorganic lithium compound; and 
vn; tnphenylphosphine or a derivative thereof. 

23. A process according to claim 21 or 22 
characterised in 

that the catalyst is naphthalene sulphonic acid, ,-toluene suiphonic acid 
methane sulphon.c acid, trifluoromethane sulphonic acid, trifluoroacetic acid* 

nd'/orHth 80 ? 0 ; P ^ C BF3 ' A1C1 3' SnC1 4. "trahuty, titanate 

and/or lithium anhydride benzoate. 
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